Uveal melanoma is the most common primary intraocular malignancy in adults. Localized tumors are often curable by local therapy, but about 50% of patients develop a relapse with metastatic disease, particularly in the liver. Mortality rate after detected liver metastases remains high, while systemic therapies usually provide marginal benefit. Melanomas are hypervascular tumors, and agents with antiangiogenic activities have been studied as palliative treatment. Interferon-alpha-2b (IFN-α2b) has antiangiogenic activity when administered at low doses. We describe a patient who has received lowdose subcutaneous IFN-α2b (0.9 MIU, tid) continuously for years and gained stabilization of lung and liver metastases, which had previously progressed during earlier systemic therapies.
Introduction
Uveal melanomas of the choroidal and ciliary body are aggressive tumors causing the death of approximately 50% of patients. The survival rates at 5 and 15 years are 70% and 55%, respectively [1, 2] . Most of the metastases in uveal melanoma are detected in the liver [3, 4] . Prolonged survival with metastatic uveal melanoma is relatively uncommon, usually median survival time is less than 12 months [5] . Cytokine-based therapies with interferon-alpha (IFN-α) and interleukin-2, or chemotherapies using dacarbazine or other drugs commonly used to treat cutaneous melanoma, produce only rarely durable responses in uveal melanoma [6] . Dacarbazine and IFN-α have been used as adjuvant therapy in high-risk patients after primary therapy, but unfortunately these studies have not shown clinical benefit [7 and references therein]. We report a patient with metastatic uveal melanoma achieving long-term survival benefit and stable disease in response to single-agent low-dose subcutaneous (s.c.) interferon-alpha-2b (IFN-α2b) therapy.
Case Report
A 47-year-old woman presented in June 1991 with disturbed vision in her right eye, and a local choroidal melanoma was diagnosed. Tumor was treated with iodine 125 plaque brachytherapy (IBT) with a mean radiation dose of 87 Gy to the tumor apex. Treatment resulted in complete disease response and metastases were not detected until March 2004, when 3 separate, biopsy-proven liver metastases were detected. There were no other metastases detected on whole-body computed tomography (CT) scan or magnetic resonance imaging (MRI) of the liver. The patient presented with stage IVBa metastatic uveal melanoma [8] . Liver metastasis is shown on CT (fig. 1A) 
Discussion
Almost 50% of the patients with uveal melanoma develop liver metastasis up to 15 years after diagnosis [3] . Studies comparing primary uveal melanomas and their corresponding metastases show that metastases are comprised of higher-grade malignant cell types, of which a part is nonclassifiable [8] . Metastatic uveal melanomas include diseases with low or rapid progression; typically, median survival time with metastases can vary from 2.2 to 12.5 months [5] . About 20% of patients survive 76 months, i.e. over 4 years, but the longest survivals are associated with surgery or targeted hepatic chemotherapy, which was not given to the patient reported here [5] .
Estimated median doubling time of treated uveal melanoma metastases is 255 days and many uveal melanomas accelerate growth with progression [9] . Our patient originally presented with stage IVBa uveal metastatic melanoma, i.e. her predicted survival time was ≥12 months [8] . In our case, disease stabilization was seen only during IL-2 therapy and the still ongoing IFN-α2b therapy ( fig. 2) . The overall disease responses to chemoimmunotherapies in metastatic uveal melanoma are usually poor [7 and references therein]. Only one partial remission was achieved among 48 patients with metastatic uveal melanoma, in a patient who had been treated with gemcitabine plus treosulfan versus treosulfan alone in a randomized phase II trial [12] . Previous reports of second-line treatment of metastatic uveal melanoma have shown that treatment is usually ineffective [12, 13] . Terheyden et al. [13] found stable diseases as responses to the combination therapy of treosulfan/gemcitabine in patients who had received prior chemoimmunotherapy for metastatic uveal melanoma. However, maximal tumor diameter was only 40 mm in those patients whose disease stabilized [13] .
The exact mechanism of action for IFN-α is not known, but IFN-α is thought to exert its effects through antiproliferative, apoptosis-inducing and antiangiogenic effects in addition to immunologic modulation. It is interesting that our patient responds to the low-dose IFN-α2b therapy, even though the same drug administered in a greater dose in combination with multichemotherapy did not show any effect. Some cell line studies have shown that different interferon subunits can regulate melanoma cell proliferation differently [13] . Particularly the α14 subunit, which is expressed in leukocyte-derived multisubtype IFN-α preparation (Multiferon), might exert different tumor responses also in vivo [13] . However, in the case of our patient, the same IFN-α2b preparation has been continuously used, suggesting that the mechanism of action of low-dose IFN-α2b differs from that of higher dose treatment.
The antiangiogenic properties of low-dose IFN-α2 have been discussed lately [14] . The antiangiogenic effect of IFN-α2 is based on frequent low-dose administration. Similarly, favorable adjuvant effects of IFN-α on recurrence-free survival of high-risk stage IIIa melanoma patients in long-term IFN-α therapy might be due to antiangiogenic effects [15] . These studies show that long duration of the therapy is more important than the amount of the IFN-α2b dose and this is also seen in our case. The role of angiogenesis and the vascular network in the development of metastases from uveal melanoma is particularly interesting because, due to the lack of lymphatic vessels, only hematogenous spread of uveal melanoma is possible [4] . It is possible that chemotherapies have affected some subpopulations of the metastatic tumor cells and now the survival of cells left behind depends on angiogenesis, whose inhibitory effect suppresses also the growth of the metastases.
We conclude that daily low-dose subcutaneous IFN-α2b might be useful in the treatment of metastatic choroidal melanoma after failure of combined chemoimmunotherapy and should be further studied among patients with metastatic uveal melanoma. The largest diameters of three liver metastases and a lung metastasis are presented at different time points during the therapy. Progression of liver metastases was seen during the first 3 cytotoxic therapies, but administration of low-dose IFN-α2b led to long-term disease stabilization. BOLD = Bleomycin, vincristine, lomustine, dacarbazine; VIN-KAR-IL-2 = vinorelbine, carboplatin, interleukin-2; TEM = temozolomide; mo = months.
